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Abstract 
One major part of the cooperation of RWE Power, BASF and Linde, which is aiming at an advanced optimised CO2-scrubbing technology for 
power plant applications, was the construction and commissioning of the first post-combustion capture pilot plant in Germany at the lignite-
fired 1,000 MWel power station Niederaussem. The testing programme executed in the pilot plant is not only focusing on the energy demand 
for CO2 capture, solvent stability and emissions but also comprises an extensive material testing programme. Steel and plastic samples, tubes 
and flanges are located in different positions in the plant (pre-scrubber unit, absorber, desorber) to investigate material resistance at a wide 
range of specific process conditions (temperature, pressure, solvent loading, gas/solvent stream). Coupons made of different grades of stainless 
steel and plastic were placed in eight different positions. Tubes and flanges made of stainless steel and glass fibre-reinforced plastic were 
located in five different positions. In addition, a temperature-controlled concrete module equipped with a plastic in-liner was incorporated into 
the pilot plant. And, finally, different types of gaskets were tested. The testing programme started in mid-2009 with a six-month campaign 
using 30%-weight MEA as a benchmark solvent. At the beginning of 2010, the testing campaign with the new optimised solvent from BASF 
was started. This paper summarises the examination methodology based on non-destructive and destructive measurements and discusses some 
of the results obtained for both testing phases. 
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1. Introduction 
Along with a cost-efficient design, the use of favourable materials is an important driver behind a reduction in investment 
costs of future commercial post-combustion capture plants. These materials must be investigated in comparison with stainless 
steel, which is the conventional construction material used today. CO2 separation by alkanolamines is a standard process in the 
chemical industry, and the behaviour of the construction materials in this kind of scrubbing plants is well known. Regarding the 
treatment of flue gas from a coal-fired power plant, the knowledge base is significantly smaller, and the effect of oxygen and 
trace elements in the flue gas on corrosion and the formation of corrosive degradation compounds of the solvent are complex and 
not well understood.  
Before an innovative material can be used in commercial applications, especially its corrosion resistance must be tested under 
real operating conditions. Therefore the joint development project of RWE Power, BASF and Linde comprises comprehensive 
tests and examinations of a wide range of standard and innovative materials at the pilot plant in Niederaussem [1, 2]. The 
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partners have not only attached great importance to testing simplified material samples and coupons made of different grades of 
stainless steel, plastic and concrete but also to investigating and determining the material resistance of real components. Testing 
of flanges connected with a tube by welded seams (steel) or bonding surfaces (plastic) and a concrete module with a layered 
design comprises not only their corrosion behaviour but also the machining, handling and properties of the bonding materials. 
Therefore the results from component testing permit a much more meaningful assessment of the material’s suitability for 
commercial large-scale capture plants. 
MEA was expected to be one of the most corrosive amines used in flue gas treatment, and some material testing results from 
other pilot plants are already available [3]. From this follows that the areas that are most susceptible to corrosion are the desorber 
inlet and outlet. But due to the individual boundary conditions of the various pilot plant process configurations (e.g. with or 
without flue gas pre-treatment, regeneration temperature, solvent reclaiming) and flue gas composition (flue gas generated by 
hard coal, natural gas or lignite combustion; flue gas desulphurisation performance), the corrosion measurements must also be 
carried out at the pilot plant in Niederaussem to assess the corrosiveness of MEA for materials and to obtain benchmark data for 
a comparison with the newly tested BASF solvents. 
2. Pilot plant, capture process and sample arrangement  
The pilot plant is located at the lignite-fired 1,000 MWel BoA 1 unit at Niederaussem which is equipped with state of the art 
electrostatic precipitators and wet desulphurisation plants (FGD). The Niederaussem power plant is ideally suited as a site for the 
post-combustion capture pilot plant because of its operation in the base-load range. Compared with intermediate-load hard coal-
fired power plants it offers the possibility of continuous testing and yields more conclusive results.  
7.2 t of CO2 per day can be captured from a flue gas slipstream of the power plant downstream of the desulphurisation plant. 
Additionally, two options exist for feeding flue gas to the CO2 scrubbing pilot plant: either after the FGD plant of BoA1 or from 
a high-performance FGD pilot plant. Moreover, the flue gas properties are influenced by dry lignite co-combustion (up to 30% of 
the furnace thermal rating based on LHV). Dry lignite is supplied by a WTA prototype, a fluidised bed dryer with internal waste 
heat utilisation. While the co-combustion of dry lignite has no significant impact on the flue gas composition, the high-
performance FGD plant allows a reduction in SO2 content to a level comparable to that obtained with a sodium hydroxide pre-
scrubber.  
2.1. Sample arrangement 
In the pre-scrubber section of the pilot plant, acid components of the flue gas are removed and the flue gas can be cooled 
down if required. NaOH can be added to the recirculating water flow of the direct contact cooler. Coupons are placed in the 
outlet section and the sump of the pre-scrubber column (see B1, B2 in Figure 1). Further coupons are arranged at different levels 
of the absorber including the water wash section at the head of the column (B3-B6) and in the desorber (B7-B8).  
Flange-tube-flange components are located in the solvent cycle at positions exposed to high and low CO2 loads and 
temperatures of the solvent (A1, A3-A5). Additional samples are installed in the desorber outlet where the wet CO2 flow exhibits 
a high corrosion potential (A6). In the lean CO2 solvent flow a temperature-controlled concrete module with polypropylene in-
liner is located (A2).  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: The samples are located in plant sections with different corrosive boundary conditions (gas, solvent, condensate, temperature, pressure)  
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Depending on the solvent used, the construction of commercial-scale columns made of concrete could lead to a significant 
reduction in investment costs of post-combustion capture plants. The concept of concrete vessels with PP in-liner is already used 
for treating flue gases in the power industry where FGD absorbers are equipped accordingly. It was assumed that, under the 
adjusted conditions at the testing location (A2) in the pilot plant, the highest corrosive stress would occur.  
The flange-tube-flange components are connected to each other by different types of plastic gaskets. The investigated plastic 
materials are also important to ensure tightness of plate heat exchangers.  
All flows, temperatures and pressures of utilities that are in contact with the material samples are measured online. 
Additionally solvent loads, the trace element concentrations in the solvent, in condensates and in the gas streams and the 
concentration of degradation products in the solvent are determined in comprehensive measurement and analysis campaigns. 
2.2. Plant operation and material testing time 
The first set of material samples was already installed during the commissioning phase, two months before the start of the 
testing programme on 28th July 2009. Only the first concrete module was incorporated later, upon the start of the testing phase. 
Figure 2 shows comparatively undisturbed, continuous operation of the pilot plant during the MEA testing phase with an 
extremely high availability.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Pilot plant operation during the testing phase with MEA (dark blue: captured CO2, blue: solvent flow, orange: electric output)  
The outage in October 2009 was caused by the necessary intermediate examination of the material samples (period of 
application was 161 days at the time). After the end of the MEA test phase on 7th January 2010 the material samples were 
replaced by new ones for the next test campaign. 
The flange-tube-flange components were tested for 3,875 h under operating conditions and 1,045 h under shutdown 
conditions before they were removed and examined. Depending on their location, the coupons were tested for 3,692 h to 4,920 h 
under operating conditions, up to 183 h without flue gas or wet CO2 contact in an idle mode and 1,045 h to 1,228 h under 
shutdown conditions. 
 
3. Material testing 
Corrosion tests were performed according to DIN 50905, ASTM G31-72 Standard Practice, and ISO 4433. 
3.1. Tested materials and components 
Coupons of the austenitic stainless steels materials no. 1.4541 (X6CrNiTi18-10, UNS S321) and 1.4571 (X6CrNiMoTi-17-12-
2, similar to UNS S31603), of the austenitic-ferritic stainless steel material no. 1.4462 (X2CrNiMoN22-5-3, UNS S31803), of 
the nickel base alloy material no. 2.4858 (NiCr21Mo, alloy 825), and tensile test specimens of polypropylene (PP) were used. 
Duplicate corrosion coupons of each alloy and quintuple tensile test specimens of PP were installed at the positions B1-B8 given 
in Figure 1. The metal coupons (50x20x2 mm) were welded and the austenitic stainless steel coupons rough-polished on one side 
to make them susceptible to stress corrosion cracking. The tensile test specimens were cut out of a plate (Simona PP-DWU) and 
0,00
1000
2000
3000
4000
5000
6000
7000
8000
28. Jul. 24. Aug. 20. Sep. 18. Okt. 14. Nov. 11. Dez. 7. Jan.
 
W
a
s
c
hm
itt
e
lu
m
la
u
f [
kg
/h
]
Bl
o
c
kl
e
is
tu
n
g 
[M
W
]
0,00
100
200
300
400
500
600
700
800
900
 
Ab
ge
tr
e
n
n
te
 
CO
2-
M
e
n
ge
 
[t]
 
CO2
Solvent 
flow
Pel C
ap
tu
re
d
CO
2
[t]
Po
w
er
 p
la
nt
 
o
u
tp
ut
[M
W
]
So
lv
en
t f
lo
w
[kg
/h
]
P. Moser et al. / Energy Procedia 4 (2011) 1317–1322 1319
 Moser et al./ Energy Procedia 00 (2010) 000–000 
machined according to DIN EN ISO 527-2, Type 1BA. All the coupons and tensile test specimens were mounted in packages on 
a holder made of material no. 1.4571 (Fig.3). The individual metal coupons were electrically insulated and separated by tiny 
rings of PTFE which also simulated favourable conditions for crevice corrosion. 
Flange-tube-flange components of material no. 1.4571, FRP/vinyl ester resin, and FRP/epoxy resin were installed at the 
positions A1 and A3-A6; the concrete module with PP in-liner was installed at position A2 (Figure 1). In the flange-tube-flange 
components different EPDM, PTFE, and NBR rubber gaskets were tested. 
3.2. Examination methodology 
The metal coupons were analysed by weight loss measurements and visually inspected in the binocular microscope (up to 25x 
magnification) for local corrosion (pitting, crevice corrosion, stress corrosion cracking). To detect stress corrosion cracking 
(SCC) the rough-ground coupons were bent at an angle of 45 degrees after the corrosion test which makes cracks visible in the 
microscope if SCC actually occurs. These results were used to establish the linear corrosion rate and the qualification of the 
different types of stainless steels. 
The tensile test specimens were additionally evaluated by determining their change in mass by weight loss measurements and 
compared to non-immersed specimens with respect to their change in geometrical dimensions and hardness, the elastic modulus, 
tensile strength at yield and break, and their change in elongation at yield and break.  
Three and six months after installation, the tubes and flanges were inspected in the pilot plant by non-destructive x-ray 
measurements and ultrasonic tests. At the end of the test the flange-tube-flange components were dismantled, longitudinally cut 
and analysed in the lab for corrosion. The samples of material no. 1.4571 were visually inspected in the binocular microscope, 
checked by dye penetrant testing for stress corrosion cracking, and documented in close-up photographs. The samples of 
FRP/vinyl ester resin and FRP/epoxy resin were visually inspected in the binocular microscope for discoloration, blistering, 
cracking, and delamination and documented in close-up photographs.  
The concrete module was longitudinally cut, the PP in-liner visually inspected in the binocular microscope for discoloration, 
cracking, deformation from the concrete housing, and documented in close-up photographs. Steuler Industrieller 
Korrosionsschutz GmbH, who provided this module, conducted further examinations on the absorption of the scrubber fluid, 
degradation of the polymer, extraction of stabilization agents, and weldability after the corrosion test. 
The gaskets of EPDM, PTFE, and NBR rubber were visually inspected in the binocular microscope for discoloration, 
blistering, cracking, and documented in close-up photographs. 
 
Figure 3: Corrosion coupons of stainless steel and polypropylene mounted on a holder  
4. Results 
The total testing time under operating conditions was 3,875 to 4,920 hours. The metal coupons of materials no. 1.4541, 
1.4571, 1.4462, and 2.4558 showed no corrosion attack at any of the tested positions. No local corrosion was observed, and the 
corrosion rate was less than 0.001 mm/year on any specimen. The PP tensile test specimens have also been classified as 
corrosion-resistant according to ISO 4433. These results also apply to the PP in-liner in the concrete module. So polypropylene is 
an appropriate lining material. The absorption of the scrubber fluid is negligible, no stabilisation agents were extracted, and 
weldability is preserved.  
No general or local corrosion like pitting and stress corrosion cracking was found on the flange-tube-flange components made 
of material 1.4571. The samples of FRP/vinyl ester resin and FRP/epoxy resin have also been classified as corrosion-resistant. 
No discoloration, blistering, cracking, and delamination was found. By way of example, Figure 4 shows the inner surface of the 
FRP/epoxy resin sample of position A1, and Figure 5 the inner surface of the FRP/vinyl ester resin sample of position A3. 
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Figure 4: FRP/epoxy resin sample of position A1 (detailed view: picture on the right)             
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: FRP/vinyl ester resin sample of position A3 (detailed view: picture on the right) 
 
 
 
 
 
 
 
 
 
 
Figure 6: Gaskets, position A5 (detailed view of NBR gasket: picture on the right) 
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The evaluation of the gaskets showed that PTFE is an appropriate sealing material. The hardness of 52 Shore D and the 
thickness of the gaskets (2 mm) were not altered by the corrosion test. The EPDM gaskets were mechanically squeezed at all 
positions and showed brittle disruptions. Due to the direct connection of several short flange-tube-flange components it was not 
able to avoid the mechanical pinch of the EPDM gaskets. Further tests are on-going to point out the reason – thermal and/or 
chemical stress - of the brittle disruption of the EPDM gaskets. The hardness and change in dimensions could not be measured. 
The NBR gaskets showed no change in the Shore D hardness of 75 and only a negligible increase in thickness from 1.8 to 1.9 
mm at the positions A1 and A6. At the positions A3 and A5 the gaskets were mechanically squeezed and showed brittle 
disruptions. The gasket of position A4 was replaced by a standard metal gasket of material 1.4571 after a leakage and was not 
available for an evaluation. By way of example, Figure 6 shows squeezed and locally disrupted gaskets after the test at position 
A5. 
5. Conclusion 
The tested steel grades and the FRP samples, too, show excellent corrosion resistance in all positions and various corrosive 
situations in the CO2-scrubbing process using MEA. After having tested the material coupons and components for up to 4,920 
hours it can be stated that they are all suitable for use in post-combustion capture plants. PTFE is the best choice as gasket 
material. EPDM gaskets showed brittle disruption at all locations of the process. The performance of NBR gaskets is 
inconsistent. In the process loop with a lean MEA solution feed, NBR gaskets showed brittle disruption in the hot and in the 
cooled part. 
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